




INCIDENTAL HISTOLOGICAL CHANGES IN THE CANINE 
CENTRAL NERVOUS SYSTEM 
Mihai NEGRU, Marian TAULESCU, Cornel CĂTOI 
Pathology Department, University of Agricultural Sciences and Veterinary Medicine, 




The canine central nervous system pathology includes a series of histopathological changes, which are often 
underdiagnosed or misdiagnosed due to insufficient research in this field. The aim of the present paper is to emphasize 
the main cerebral changes identified incidentally in the canine species, involving 38 dogs from the Department of 
Pathological Anatomy (FVM Cluj-Napoca), diagnosed with various pathologies that did not develop nervous symptoms. 
Gross and histological exams of the encephalus from all dogs were carried out. The main important incidental findings 
of canine nervous system were represented by lipofuscinosis (68,4%), cerebral congestion and edema (47,3%) 
hemosiderosis (28,9%), neuromelanosis (21%), neuronal necrosis associated with satellitosis and neuronophagia 
(13,1%), vascular mineralization and diffuse meningeal fibrosis (13,1%). Perivascular cuffing and gliosis (13,1%), 
corpora amilacea bodies (5,2%), spheroid bodies (5,2%), have also been identified with a lower incidence. There have 
also been single-case findings during this study, represented by Alzheimer type II astrocytes, a psammomatous-type 
meningioma and parasitic Neospora spp. cysts. Thus, the results obtained and presented in this paper contribute to the 
enhancement of knowledge regarding the main lesions of the central nervous system in dogs, most of which were, at 
times, asymptomatic. 
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Introduction 
In the canine central nervous system (CNS), a large number of specialized normal 
structures, various unusual cell types, artifacts, findings of unknown significance and various 
postmortem changes are usually identified. Because of this plethora of neuropathological processes 
and postmortem or artifactual changes, a correct diagnosis may be difficult to establish for an 
inexperienced pathologist (Wohlsein et al., 2013). The CNS cell population consists of neurons, 
astrocytes, oligodendroglia, microglia, choroid plexus epithelial cells, vascular endothelial cells 
and ependymal cells. Anatomically, the CNS is arranged in two parts: 1) the gray matter, which is 
typified by neuronal cell bodies, axons, dendrites, neuropil, and 2) the white matter, which consists 
of axons, oligodendroglia, astrocytes and microglial cells (Zachary et al., 2012). 
Due to the high sensitivity of the nervous tissue to over-manipulation and also the fast 
onset of postmortem autolytic changes and invasion of micro-organisms, it is mandatory for the 
pathologist to differentiate artifacts from authentic lesions. Various types of vacuolization, the 
presence of so-called “dark neurons”, cerebellar conglutination, Buscaino bodies, and shrinkage 
artifacts must all be taken in perspective as non-lesion changes of the nervous tissue (Wohlsein et 
al., 2013). 
A large variety of histological alterations are common in the CNS of older individuals. 
These include: diffuse meningeal fibrosis, vascular mineralization, increased numbers of corpora 
amylacea within astrocytic processes near blood-brain or cerebrospinal fluid-brain interfaces, 
accumulation of lipofuscin and also neuromelanin in neurons from all of the brain regions (Mrak 
et al., 1997). 
The aim of our study consists of identification of the main incidental lesions in the canine 
central nervous system in order to increase the degree of understanding of these various changes 





Materials and methods 
In this study, the central nervous system was evaluated in a total of 38 randomly selected 
dogs of different breeds (predominated by mixed breeds), aged between 1.5 and 18 years, registered 
in the Department of Pathology, Faculty of Veterinary Medicine Cluj-Napoca. The standard 
necropsy examination was performed in all the dogs included in the study, after which the 
encephalus was prelevated in 10% formalin for further histopathological examination. Four cross 
sections were processed through paraffin embedding techniques and hematoxilyn-eosin staining 
for each brain. The first section was performed in the septal region of the telencephalon, anterior 
to the optic chiasm, crossing the cerebral cortex, the cingulate gyrus, the 1st lateral ventricle and 
the basal nuclei (putamen, claustrum, caudate and globus pallidus). The second section was 
performed in the diencephalon, caudally to the mammillary body, passing through the cerebral 
cortex, cerebral white matter, lateral ventricle, ventricle III, claustrum nucleus, part of the 
hippocampus, pyriform lobe, thalamus and thalamic nuclei. The third section passed through the 
rostral colliculus of the mesencephalon, the lateral ventricle, substantia nigra, piriform lobe, crus 
cerebri and hippocampus whilst the fourth and final section passed through the myelencephalon 
following the cerebellar vermis, crossing the cortex, white matter, pyramidal tract and fourth 
ventricle. The photomicrographs were taken using an Olympus SP 350 digital camera and Cell^B 
basic imaging software (Olympus Corporation, Tokyo, Japan). 
 
Results and discussion 
Lipofuscin 
In the current study, we identified the presence of lipofuscin pigment within cytoplasm of 
neurons (Fig. 1 A-D) in 26 cases, from the age of 3 to 18 years. There was a significant increase in 
lipofuscinosis relative to age. Unlike case 8 (aged 3 years) where lipofuscin was present in a small 
number of neurons, lipofuscinosis was marked in cases 30-38 (ages 14-18), the pigment being 
present in large quantities in most neurons. 
 
Figure 1. A-D. Neuronal lipofuscinosis, dog. The microphotographs showing intracytoplasmic yellow- 





Lipofuscin is a yellow-brown granular pigment resulted from oxidative metabolism of 
lipids, accumulating intracytoplasmatically in neurons, in variable amounts. The presence of 
moderate quantities of lipofuscine has a poorly understood pathological significance, especially in 
elderly dogs (Borràs et al., 1999). However, intracytoplasmic accumulation of lipofuscin 
predisposes neurons to oxidative stress. An advanced degree of lipofuscinosis can be associated 
with neurodegenerative diseases, leading to clinical manifestations (Marani et al., 2009). 
The appearance of lipofuscin is similar in the case of H&E staining with the appearance of 
ceroids. Ceroids are also pigments of lipid origin, very similar to lipofuscin, but whose intra- 
neuronal accumulation is always considered to be pathological. Their presence can be correlated 
with either genetic diseases or enzymatic defects of metabolism. As oposed to lipofuscin which 
accumulates strictly in the neurons, ceroids can also appear extracellularly (Riga et al., 1995). 
Neuronal ceroid lipofuscinosis is a neurodegenerative disease with autosomal recessive 
transmission, which usually starts in youth, the Bull Terrier, Staffordshire Terrier and the Irish 
Setter being the most prone breeds (Vandevelde et al., 2012). 
 
Neuromelanin 
We found the presence of neuromelanin, especially in the 3rd section, in cases no. 16, 19, 
22, 27, 31, 32, 33 and 37 (Fig. 2 A-D). We observed an increase of the neuromelanin pigment 
particularly in aged dogs. This demonstrates the accumulation of neuromelanic pigment with age 
due to prolonged action of oxidative stress and various toxic substances at this level throughout 
life (Zecca et al., 2008). 
 
Figure 2. A, C, D - Photomicrographs showing the presence of a dark-brown intracytoplasmic pigment 
consistent with neuromelanin (arrows) HE stain, 20x; 
B – Neuromelanin, HE stain, 100x. 
 
 
Neuromelanin is a dark-brown intracytoplasmic pigment, very similar structurally to 
melanin. It is found in the hypothalamic neurons and in the neurons of the substantia nigra, 
gradually accumulating with age. Numerous studies have shown that neuromelanin has a role in 
chelating metal ions, protecting neurons from oxidative stress. Neuromelanin also protects against 









In 7 cases (no. 32-38) we noted the presence of extensive spongiosis in both white and 
gray matter. This is correlated with the kidney and liver dysfunctions reported in the anamnesis 
and the lesions identified during the necropsy exam. Renal lesions were present in the following 
cases: no.33 - renal cortical necrosis, 35 – chronic interstitial nephritis, 34 and 36 with other causes 
of chronic renal failure (renal fibrosis and atrophy), 38 - acute renal failure (ethylene glycol 
poisoning). Hepatic lesions consisted of liver cirrhosis identified in case 32 and hepatic lipidosis 
in case 37, where we also found kidney damage (chronic kidney infarcts). 
Spongiosis is a degeneration of the brain tissue, characterized by the presence of clear 
vacuoles of different sizes in the white and gray matter. This degeneration occurs due to the action 
of several pathogens, as well as in various intoxications and metabolic encephalopathies. 
Spongiosis occurs in the gray matter following vacuolization of neuronal processes, astrocyte 
edema, or degeneration of the myelin sheaths in the white matter. Also, diffuse spongiosis may be 
found in very old patients, being associated with gradual cerebral cortex atrophy (Bolon and Butt, 
2011). 
Actual spongiosis needs to be differentiated from artifactual vacuolization, the latter being 
encountered in samples that are not processed or fixed appropriately. Artifactual vacuoles have 
irregular shapes, are not clearly delimited and predominate in the white matter, whilst in the gray 
matter they appear as clear perineuronal, perivascular and periglial spaces (Vandevelde, 2012). 
 
Hemosiderosis 
During the histological examination we identified the presence of hemosiderosis in 11 
cases. Hemosiderosis was associated with multiple haemorrhages in case no. 8 (Fig. 5-D) and the 
presence of congestion in cases no. 33, 29, 25, 23, 22 and 12. 
Hemosiderosis represents the presence of intracellular hemosiderin, a ferric pigment 
resulting from the degradation of hemoglobin. These deposits occur either as a result of 
haemorrhages or chronic congestion (Stankiewicz et al., 2007). 
 
Cerebral congestion 
Cerebral congestion is associated with any kind of acute inflammation at this level, with 
cardiac pathologies or any mechanism that prevents blood drainage from the brain (Zachary and 
McGavin, 2007). In our study, different degrees of cerebral congestion were identified in 18 cases. 
The congestion present in cases no. 33, 25, 22 and 7 was most likely induced by chronic heart 
failure, confirmed by the presence of right dilative cardiomyopathy, respectively left cardiac 
hypertrophy identified during the necropsy exam. 
 
Cerebral edema 
In most cases where we identified congestion during the histological examination, there 
was also edema of the nervous tissue, located predominantly in the periventricular, submeningeal 
and perivascular regions (Fig. 3-B). Edema occurs in both white and gray matter as a non-specific 
lesion found in various pathologies of toxic, degenerative, inflammatory, neoplastic, vascular or 
traumatic nature. Edema of the central nervous system may be cytotoxic, caused by direct lesions 





Vasogenic edema is predominantly found in the white matter and the cytotoxic type in the gray 
matter (Bolon and Butt, 2011). 
 
Figure 3. A - Blood vessel ectasia (congestion) (arrows), H&E stain, 4x; 
B - Subpial edema of gray matter, H&E stain, 20x; 
C - Presence of hemosiderin laden macrophages due to chronic congestion (arrows), H&E stain, 4x; 
D – Severe cerebral hemorrhages, H&E stain, 20x. 
Neuronal necrosis 
The most extensive phenomenon of neuronal necrosis and neuronophagy was identified in 
cases no. 13, 14, 20, 21 and 24 (Fig. 4 B-D). In cases no. 13, 14 and 21, neuronophagia and marked 
satellitosis were associated with respiratory insufficiency. Neurons are very sensitive to decreased 
oxygen intake which directly causes necrosis. In cases no. 20 and 24, malignancies of the splenic 
hemangiosarcoma and mammary gland adenocarcinoma were identified; both lesions were 
associated with multiple hepatic metastases, being directly correlated with hepatic failure and 
neuronal injury. 
Neuronal necrosis is always a pathological issue, being caused by extracellular pathogens 
such as ischemia, hypoglycemia, viral infections and trauma. Necrotic neurons are diminished in 
size, have a typical acidophilic and shrunken cytoplasm, and pyknotic nuclei. Neuronal necrosis 
should be differentiated from so-called “dark neurons” (Jortner, 2006). 
Dark neurons (Fig. 4-A) are frequent artifacts in histological slides of nervous tissue 
which is over-manipulated before the fixation step. These neurons have a monomorphic 
appearance, the cytoplasm and nucleus are stained with the same intensity and perineuronal glial 
reaction is absent (Jortner, 2006). Necrotic neurons have a heteromorphic appearance with 
vacuolized and highly acidophilic cytoplasm, and are usually accompanied by inflammation 
(Garman, 2011). 
Satellitosis and neuronophagia were identified in 5 of cases taken into this study, 
representing microglial responses to various neuronal injuries. Neuronophagia is the phenomenon 








Figure 4. A - Microphotographs showing multiple artifactual “dark neurons” (arrows), H&E stain, 10x; 
B, C, D - Various stages of neuronal necrosis, satellitosis and phagocytosis (arrows), H&E stain, 20x. 
 
Perivascular cuffing and gliosis are lesions associated with inflammatory (viral, bacterial, 
parasitic) or immune pathologies. We observed the presence of perivascular cuffing in 5 of the 
examined cases (Fig. 5 A-B). 
 
Figure 5. A, B - Severe perivascular cuffing of mononuclear cells within canine cerebral cortex, 
HE stain, 20x; 
C, D - Foci of microglial cells, HE stain, 10x, 20x. 
 
Corpora amilacea bodies have been identified in cases 20 and 38, with no pathological 
significance (Fig. 6 - A, B, C). Morphologically, these are round structures with a concentric blade- 
like appearance, measuring between 10 and 50 μm. Development of these bodies occurs in the 
cytoplasm of astrocytes, being made up of glucose and protein polymers, and in their center are 





in small numbers in old dogs. Large agglomerations of such structures are found only in 
neurodegenerative diseases (Pisa et al., 2016). 
 
Figure 6. A, B, C – Microphotographs of brain tissue showing numerous round structures with a 
concentric blade-like appearance consistent with corpora amilacea bodies (arrows), H&E stain, 40x; 
D – Multifocal axonal degeneration - Spheroid bodies (arrows), H&E stain, 40x. 
 
Spheroid bodies 
In this study, we identified the presence of spheroid bodies in cases no. 31 and 30 (Fig. 6 
- D), in both situations in the 3rd section. Histologically, these are ovoid, homogeneous, 
eosinophilic formations found in the nervous substance. These structures are in fact a focal axonal 
degeneration, secondary to a degeneration of the myelin sheath. If these spheroid bodies are present 
in large numbers, the evolution of diseases manifested by axonal dystrophies must be taken into 
account (Wohlsein et al., 2012). 
Other non-specific, senescence associated lesions found in 5 dogs aged between 12 to 17 
years, consisted of vascular mineralization and meningeal fibrosis (Fig. 7). 
 
Figure 7. A, B - Microphotographs showing vascular mineralization in the canine CNS (arrows), 
H&E stain, 10x, 20x; 





Alzheimer type II astrocytes 
In our study, the presence of Alzheimer type II astrocytes was associated with cerebral 
edema, congestion, perivascular glial reaction and extensive spongiosis in case no.28 (Fig. 8), a 
14-year-old mixed breed dog. Mammary tumors, pulmonary metastases and liver cirrhosis were 
identified at the necropsy exam. In this regard and also considering the clinical manifestations of 
convulsions, it can be argued that these cerebral lesions are the expression of hepatic 
encephalopathy. 
Type II Alzheimer astrocytes have large, vesicular nuclei which are arranged peripherally. 
These astrocytes are usually found in groups of two associated with hepatic encephalopathy due to 
excessive increase of neurotoxic ammonia in the blood (Norenberg et al., 2007). This histological 
change of astrocytes is more common in the cerebral cortex and basal nuclei (Mullen and Prakash, 
2010). 
 
Figure 8. A - Microphotographs showing groups of Alzheimer type II astrocytes (arrows), H&E stain, 40x; 
B - Moderate perivascular cuffing of mononuclear cells, H&E stain, 40x; 
C - Presence of clear vacuoles of different sizes in the white matter - Diffuse spongiosis (arrows), 
H&E stain, 20x; 
D - Severe cerebral congestion and edema (arrow), H&E stain, 4x. 
 
 
In case no. 26, a 14-year-old Pekingese with a clinical history of mammary tumors, we 
found a 2-cm-diameter, white-grayish mass in the frontal lobe of the cerebrum. It was well 
delimited by the nervous tissue, firm and had a slightly granular aspect. Compression atrophy of 
the frontal lobe was evident. During the histopathological exam, a psammomatous-type 
meningioma diagnosis was established (Fig. 9). Psammoma bodies are spherical structures having 
a concentric lamellar aspect, initially being clusters of neoplastic cells and collagen fibers that 
become calcified. They are commonly found in psamomatous meningiomas; the benign tumors 







Figure 9. A - Presence of a white-grayish mass (meningioma) in the frontal lobe area of a 14-year-old dog 
(arrow); 
B, C, D – Histological features of cerebral meningioma containing large numbers of psammoma bodies 
(arrows), 
H&E stain, 20x. 
 
Another aspect identified during this study was the presence of parasitic Neospora spp. 
cysts in the cerebellum of a 16-year-old standard Poodle dog (case 33). 
 
Figure 10. Microphotographs showing the presence of Neospora spp. cysts in the cerebellum of a 16-year- 
old standard Poodle dog (arrows). A, B, C, D, H&E stain, 10x, 100x, 20x, 4x. 
 
Conclusions 
This research provides additional information on the main incidental lesions that can be 
identified in the canine central nervous system, most of the subjects taken in this study being 





“lesions” are processing artifacts, such as dark neurons or pericelular vacuolization of the nervous 
tissue, that may pose diagnostic problems for pathologists. 
The histological changes identified and presented in this study are relevant only in the 
context of their interpretation and correlation with the clinical symptoms and necropsy diagnosis, 
many of these not having an obvious clinical manifestation. 
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